Objective. The aim of the present study was to identify all evidence about the prevalence and severity of clinically measured caries and periodontal disease in Indigenous adults in Australia published in peer-reviewed journals and to summarise trends over time. In addition, we examined whether the studies investigated associations between putative risk factors and levels of caries and periodontal disease.
Introduction
Oral health is fundamental to both general health and quality of life 1 and is influenced by a range of socioeconomic, environmental, behavioural, biological and cultural factors. 2, 3 Both dental caries (decay) and periodontal disease (gum disease) are largely preventable, and even reversible in the early stages, 4, 5 and the effects of poor oral health include cardiovascular disease and poorer general health. [5] [6] [7] As it progresses, oral disease can result in debilitating pain, difficulty eating and speaking, embarrassment and other negative effects. 8 Australia's National Oral Health Plan 2015-2024 9 highlights Aboriginal and Torres Strait Islander (within this paper referred to as Indigenous) people as a priority population group for targeting improvements in oral health. A key action of the National Oral Health Plan is to provide culturally appropriate and accessible oral health services through partnerships between mainstream and Indigenous-specific oral health services. Until the late 20th century, the available data suggest that Indigenous Australians generally had better oral health than their non-Indigenous counterparts, with the main complaint being tooth wear. 10, 11 Dental caries and periodontal disease were uncommon at this time within Indigenous communities. 10 Current research indicates that Indigenous people now experience considerably poorer general health 12 and oral health [13] [14] [15] [16] [17] [18] [19] than that of the non-Indigenous population. Although several reports suggest that Indigenous people suffer from more dental caries and periodontal disease than non-Indigenous people, 13, 19 there are very few studies that provide data on the oral health of Indigenous adults in Australia. 15, [20] [21] [22] These studies are often undertaken with small population groups, or remote communities, which are less generalisable to the current, broader Australian Indigenous population. 20, 23, 24 Recent census data show that the Indigenous population of Australia makes up approximately 3% of the national population 25 and is largely concentrated on the eastern coastline and clustered in cities. 12 The aims of the present review were to identify all published evidence about the oral health in Indigenous adults in Australia, measured clinically, and summarise trends over time in order to provide a robust evidence base for the purposes of planning public dental service policy and program planning. The review also aimed to examine the data on the association between known risk factors and the prevalence of oral disease in this population group.
Methods

Search strategy and search terms
Clinical outcomes included in the search were caries (e.g. decayed, missing and filled permanent teeth (DMFT) and periodontal disease (e.g. community periodontal index (CPI). PubMed was searched independently by one author (JMM-K) and a research assistant (Alexandra Geale) to locate papers published before September 2014. The search terms were 'Aboriginal', 'Indigenous' and 'Torres Strait Islander', in association with 'oral health', 'oral disease', 'rural and remote', 'models of care', 'primary care', 'dental caries', 'periodontal disease', 'DMFT', 'dental decay', 'oral disease prevention', 'fluoride', 'access to dental services', 'dental services', 'oral hygiene', 'oral health care' and 'oral health interventions'. Only journal articles were included in the present study; grey literature was not searched.
Inclusion and exclusion criteria
Abstracts were independently screened for inclusion by JMM-K and AG. To be included, the study must have reported the prevalence or severity of a clinical oral health outcome (caries or periodontal disease) in Australian Indigenous adults and data must have been collected during clinical examination (i.e. not self-reported dental experience or self-reported dental health). Papers were excluded from the study if the study sample was a targeted group (e.g. only individuals with oral disease selected from a disease registry) rather than the general population. Following the initial screening process, full-length articles were retrieved and the inclusion and exclusion criteria applied again.
Data extraction
Data extraction was undertaken for all papers by two authors (JMM-K and KM) independently. The data extracted from each paper included age of study sample, study design, year of study, year of data collection, the prevalence and severity of oral diseases, the clinical criteria used for measurement and diagnosis and all data reporting the relationship between measured risk factors and oral disease. Extracted data were entered into a Microsoft Excel spreadsheet and closely scrutinised to identify (and remove) duplication of data through different publications of the same study or sample. Prevalence and severity of both caries and periodontal disease were identified and tabulated as well as details of the population studied (age, location). Rural and urban location was extracted from papers where this was reported. Because of the variation in ages and reporting within the studies, no statistics were undertaken and no trend analysis was possible. Data are reported as presented within the papers included in the study.
Results
Search results
Figure 1 provides a summary of the results of the PubMed searches. The initial search identified studies of both children and adults. For the present review, only adult studies were included. When papers reported a broader range of ages, such as studies that grouped those aged 16-20 years, they are included here; studies of children aged <15 years were excluded. Eighteen papers were identified as meeting the criteria for caries and/or periodontal disease prevalence and/or severity in Indigenous adults. A summary of these papers is provided in Table 1 . Of the 18 papers, 10 were primary studies 14, [16] [17] [18] 20, 24, [26] [27] [28] 36 and eight were associated papers, reporting the same data in a different way 21, 23, [30] [31] [32] [33] [34] [35] (Table 1) . Table 2 presents temporal and geographical information about the studies included in the review. In most (seven) studies, 16, 18, 24, 26, 27, 28, 36 data were collected in only one jurisdiction. One study collected data from two jurisdictions, 14 one study collected data from all jurisdictions except the Australian Capital Territory and Tasmania 20 and one study 17 did not report the location from where the data were collected. Across these jurisdictions, four studies 16, 18, 26, 36 (40%) reported on Indigenous adults living only in rural locations, five studies 14, 20, 24, 27, 28 reported on Indigenous adults living in both urban and rural locations (with most reporting data for the total population in the sample rather than reporting the data by urban or rural location) and one study reported only on an urban sample. 17 Figure 2 summarises the number of studies publishing data for each jurisdiction, with total Indigenous population numbers. Only two studies 26, 36 (20%) reported the fluoride status of the study's location. Data were presented using a variety of age groupings, which makes comparisons between studies difficult.
Study characteristics
Caries prevalence and severity
As can be seen from Table 1 , the diagnostic criteria and manner in which clinical data were reported varied across the studies. The earliest study 36 reported caries using the decayed, indicated for extraction, missing or filled permanent teeth (DIMFT) index. All other studies investigating caries used the DMFT index, but many did not report which specific World Health Organization (WHO) criterion 37 was used. All studies that examined caries (nine primary studies) reported mean DMFT (or DIMFT). Caries data as reported in the papers are summarised in Table 2 . Only four papers reported caries prevalence data. 16, 24, 27, 36 Caries prevalence ranged from 46% to 93% of Indigenous adults experiencing caries. Mean DMFT also varied considerably across the studies. Two studies 14, 20 also included a non-Indigenous sample as a comparison group.
Periodontal disease prevalence and severity
Periodontal disease data from the included studies are presented in Table 3 . Eight primary studies (80%) reported levels or prevalence of periodontal disease. Periodontal disease was primarily measured using the CPI score of between 0 and 4, with 0 being normal/healthy gums, 1 being bleeding, 2 being calculus present, 3 being moderate periodontal disease and 4 being severe periodontal disease. Often data were reported with CPI levels collapsed into fewer groups. Three studies reported data only at the level of moderate and/or severe periodontal disease, whereas three studies reported data across all CPI scores. The level of periodontal disease identified in the study samples varied. Three studies reported periodontal disease ranging from 12% to 27%, 17, 20, 24 although these studies only reported periodontal disease at the more severe levels (CPI 3 and/or 4). Four studies 16, 18, 26, 28 reported the prevalence of periodontal disease to be above 85%; three of these studies included all four CPI scores, which may explain the high reported prevalence (one of the studies reporting high periodontal disease prevalence only reported CPI 3 and 4).
Association between risk factors and prevalence of oral disease
Eight 16, 17, 18, 23, 24, 28, 30, 33 of the 18 papers reported associations between the presence of known risk factors and the prevalence of caries or periodontal disease (see Table 4 ). High dietary sugar content was significantly associated with dental caries in two papers 23, 33 and diabetes was significantly associated with a higher prevalence of moderate or severe periodontal disease in three papers. 16, 26, 28 One study examined the relationship between abuse of various substances (e.g. marijuana and petrol sniffing) and oral disease and identified that a higher prevalence of periodontal disease was associated with these risk factors. 30 Two studies identified associations between the prevalence of severe periodontal disease and being male, and aged over 45 years. 16, 17 Tobacco smoking is considered an established risk factor for periodontal disease and two studies examined this relationship: one study reported a positive association with periodontal disease prevalence, 28 but the other study did not.
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Discussion
The present review is the first to summarise oral disease data for Indigenous adults living in Australia, documenting the clinically measured dental caries and periodontal disease data for Indigenous adults published in the peer-reviewed literature until 
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September 2014. We endeavoured to identify the best available research evidence throughout Australia, to underpin the development of new services, policies and programs to both increase access to the public oral healthcare system for Indigenous people and to ensure that we are delivering the right strategies to meet the needs of this priority population group. The study identified limited data for clinically measured caries and periodontal disease in Indigenous adults. The findings 24, 27 ) and associated studies (Jamieson et Fig. 2 . Estimated Indigenous population and number of primary studies reporting on the oral health of Indigenous adults in each jurisdiction (n = 9). Note, one primary study did not report the location of the study and could not be mapped. location; therefore, it was not possible for us to examine the relationship between water fluoride levels and levels of caries in this study.
Approximately 700 000 Indigenous people live in Australia, with almost 80% living in major cities and regional areas. Despite this, almost all studies identified in this review reported oral health data for Indigenous adults living in rural locations. Furthermore, a recent report 12 projects that 67% of the Indigenous population in Australia live in the eastern jurisdictions, but there were only two studies, 14, 36 that included New South Wales and no studies in the other jurisdictions. This is an evidence gap that could be addressed by better utilisation and publication of public oral health data that are already routinely collected by each jurisdiction. In Victoria, for example, 1125 Indigenous adults attended the Royal Dental Hospital Melbourne over a 2-year period (Martin-Kerry JM, de Silva AM, Tennant M, Bacchia P, Cole D, unpublished DHSV data). This is administrative clinical data routinely collected at the Dental Hospital. We are aware that in 2014-15 public oral health care was provided across Victoria to more than 8500 Indigenous adults; however, these data are not publicly available within the peer-reviewed literature. We do acknowledge that oral health data are available in the grey literature.
Undertaking data collection for the oral health of specific population groups is met with difficulties, such as associated costs and time requirements, as well as difficulties achieving a representative sample. The present review identified inconsistencies in data capture and reporting, limiting the ability for meaningful comparisons and analysis. There was inconsistency in the way that the data were presented, including various age groupings used, which made it difficult for comparisons to be made across studies. Despite some studies looking at the oral health of Indigenous adults living in rural and urban locations, the data were not separated by location, making it difficult to determine whether living in a rural location affected oral health status of Indigenous adults in the study. We found that the usefulness of the available scientific data for decision makers is extremely limited and is not contextually relevant in many cases. 
A similar review was recently undertaken to identify oral health data for Indigenous children published in peer-reviewed literature, and that study identified significant gaps in the available published research data. 38 The present review has identified that the data available for the oral health of Indigenous adults living throughout Australia are more limited than those available for Indigenous children. This is despite approximately one-third of Indigenous people attending the public oral healthcare system. 39 We are aware that administrative and clinical data are collected in many jurisdictions and that this could be better utilised and published in the peer-reviewed literature to make it more readily available.
Caries
All studies that examined caries presented this using mean DMFT, but standard deviation was often not reported. Mean DMFT reported in the included studies ranged considerably from 1.8 (in young adults in 1987) 26 through to 20.7, 36 with mean DMFT generally being higher in the older age groups. The caries data presented herein represents a total sample size of 3390 Indigenous adults living in Australia. We are aware of one paper 40 that reported caries in Indigenous people that was not identified through the search terms used in the present study because it examined overall caries levels in adults in Australia, and did not use 'Indigenous' or 'Aboriginal' as a key term or as a focus of the paper. That paper reported national data from the National Survey of Adult Oral Health (NSAOH; 2004-06) for all adults (mean DMFT 12.8), with Indigenous people being one sub-sample (mean DMFT 14.8). 40 The NSAOH data suggests that caries levels in the general adult community are high and, in some instances, are similar to caries levels in Indigenous adults identified herein. Overall caries prevalence data were only reported in a small number of studies.
Periodontal disease
The periodontal disease prevalence and severity data presented herein represent a total sample size of 2602 Indigenous adults living in Australia. The proportion of Indigenous adults affected by periodontal disease within the studies reviewed herein was extremely high. Prevalence was virtually 100% in all rural locations, which was the vast majority. Interestingly, the few studies that included urban samples had a lower prevalence of periodontal disease. We have identified one paper 41 that reported periodontal disease in Indigenous people that was not found through the search terms used in the present review because it focused on overall adult periodontal disease and did not focus on periodontal disease in Indigenous people. The paper also did not use the term 'Indigenous' or 'Aboriginal' as a key search term nor did it refer to 'Aboriginal' or 'Indigenous' in the Abstract. That paper reported data from the NSAOH 2004-06 and indicated that 22.9% of the general adult population and 29% of Indigenous adults within the survey had moderate to severe periodontal disease. This difference in periodontal disease prevalence compared with the prevalence reported herein may reflect the difference in reporting with regard to disease severity, as well as the population groups and geographic locations included in the studies.
Risk factors for oral disease
It was of interest to identify studies that examined the links between risk factors and caries or periodontal disease and interventions designed to improve the levels of these conditions. Previous research has identified a relationship between periodontal disease and other systemic conditions, including diabetes and cardiovascular disease. 42, 43 The association between diabetes and periodontal disease reported in several of the papers reviewed herein relates to the possible bidirectional relationship between diabetes and periodontal disease. 16 
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Diabetes
Significant association between diabetes and advanced (CPI 3&4) periodontal disease A Another publication by Jamieson et al. 33 examined socioeconomic factors, diet and dental behaviours as risk factors, but did not measure the association of risk factors with clinical outcomes; rather, it examined the association of risk factors with self-reported oral health (e.g. pain, appearance etc.).
However, a recent systematic review has suggested that there is limited evidence that periodontal treatment can produce sustainable decreases in blood glucose. 44 Given the findings of that systematic review, more research into the specific risk factors and pathogenesis of periodontal disease in Indigenous adults is critical in order to develop and implement preventive strategies and to promote early identification and treatment of the disease. The present review also identified one intervention trial examining the effect of periodontal therapy for Indigenous Australians and whether this affects arterial structure and function, because inflammation (which is present in periodontal disease) is a key factor in the development of vascular disease such as atherosclerosis. 34 However, there was a lack of studies that addressed risk factors as a way of improving oral health levels in Indigenous adults, with most studies simply describing the level of oral disease in this population and a small number describing associations between risk factors and oral disease. It would be beneficial to design studies that attempt to address a known risk factor for the development of oral disease.
Strengths and limitations
The present study highlights the available data on clinically measured caries and periodontal disease in Indigenous adults published in the peer-reviewed literature. We chose to search only peer-reviewed literature to identify the best quality evidence available, and were surprised that such a limited number of articles was identified that provided clinically measured caries and periodontal disease data for Indigenous adults throughout Australia. The present study identifies a lack of data for this priority population group. A limitation of the present study is that it does not include grey literature. We acknowledge that evidence is available within the grey literature, but the aim of the present study was to explore what was available and accessible specific to Indigenous oral health in the research and evidence base.
Conclusions and recommendations
The present review highlights that despite Indigenous people being a priority group for the public oral healthcare system, the available data have significant limitations. Because of small numbers, variations in data capture and reporting and the different age groups studied, further analyses of the data reported were not possible. However, the learnings from the present study have led us to make the following recommendations:
1. The use of a consistent approach in the reporting of oral health data in Indigenous adults with regard to age groupings and prevalence statistics, as well as identification of classification of geographic location as rural or urban etc. 2. Performing research that goes beyond simply describing oral disease and undertakes more sophisticated exploration of risk and protective factors to inform the development of solutions 3. Better utilisation, and publication in peer-reviewed journals, of routinely collected public oral health data for Indigenous adults, particularly in metropolitan and regional areas of Australia, such as Victoria, New South Wales and Queensland, and the regular publication of prevalence statistics.
